In 2004, the U.S. Preventive Services Task Force strongly recommended that clinicians screen all pregnant women for syphilis infection.
S
yphilis is caused by the spirochete Treponema pallidum and manifests as a systemic infectious process. Syphilis may be transmitted vertically, usually through the placenta; the risk for fetal infection increases with gestational age. Vertical transmission may also occasionally occur during delivery if maternal genital lesions are present (1) . The consequences of fetal syphilis include prematurity, low birthweight, nonimmune hydrops, and intrauterine death (2) .
Associated conditions and risk factors for syphilis among reproductive-age women in the United States include substance abuse, limited access to health care, poverty, African-American ethnicity, and lack of regular prenatal care (3, 4) . In addition, rates of primary and secondary syphilis are highest among individuals 25 to 29 years of age (5). Rates of syphilis among women have increased since 2004. Between 2005 and 2006, rates increased among women by 11.1% (from 0.9 to 1.0 cases per 100 000 persons) (5). In the United States, the number of babies born with syphilis has consistently decreased, from 4410 cases in 1991 to 353 cases (8.8 cases per 100 000 live births) in 2004 (4) . However, the rate of congenital syphilis increased between 2005 and 2006 by 3.7% (from 8.2 to 8.5 cases per 100 000 live births) (3) . Although the overall rate of congenital syphilis has decreased significantly since the onset of the syphilis elimination plan in 1996, this recent increase is cause for concern, given that congenital syphilis is preventable (5).
In 2004, the U.S. Preventive Services Task Force (USPSTF) strongly recommended that clinicians screen all pregnant women for syphilis infection (6, 7) . Our purpose is to provide information for the USPSTF to update, and reaffirm, its 2004 recommendation. As a basis for this reaffirmation, the USPSTF asked us to do a targeted literature search to find new and substantial evidence on the benefits and harms of screening for syphilis in pregnancy and the harms of treatment with penicillin. Topics that undergo a reaffirmation update have already undergone a previous systematic USPSTF review; in addition, these topics represent standards of care that are well established, evidence-based, and in current medical practice (8) . The USPSTF performs reaffirmation updates for topics that remain a Task Force priority, that are within the scope of review of the USPSTF, and for which the USPSTF has a convincing reason to keep the recommendation current (8) .
The USPSTF requested that this reaffirmation update address the following primary key questions:
1. Does screening for syphilis in pregnancy reduce the prevalence of congenital syphilis in neonates? 2. Are there harms of screening for syphilis or harms of treatment with penicillin in pregnancy to women or neonates?
The USPSTF determined that for this update it was not necessary to review the accuracy of screening tests or the effectiveness of treatment in neonates and in pregnant women. The accuracy of rapid plasma reagin (RPR) and Venereal Disease Research Laboratory (VDRL) screening tests and penicillin treatment are well established. The USPSTF is, however, interested in any potential harms of these screening tests, as well as potential harms of penicillin treatment in neonates and pregnant women, as indicated in the key questions above.
METHODS

Data Sources and Searches
We performed literature searches on the benefits and harms of screening for syphilis infection in pregnant women, as well as the harms of penicillin treatment for this infection in pregnant women and in neonates. We limited our searches to the period of 1 January 2003 through 31 July 2008 and used the search terms penicillin, pregnancy, infant, newborn, fetus, adverse effect, allergic reaction, harm, mass screening, rapid plasma reagin, VDRL antigen, pregnancy complications, Treponema pallidum, and syphilis. We limited our initial searches to English-language articles that were indexed in the PubMed core clinical journal subset (formerly known as the Abridged Index Medicus). We supplemented these searches by reviewing reference lists of important articles and recent reviews and by taking suggestions from experts.
Study Selection
We selected studies that provided evidence on the benefits of screening for syphilis in pregnancy in the reduction of incidence of congenital syphilis; the harms of screening, specifically focusing on false-positive and false-negative results; and the harms of treatment, primarily allergic reactions and fetal harms. For evidence on benefits, we selected studies that included pregnant women. For evidence on false-positive and false-negative results, we included studies in pregnant and nonpregnant adults who were screened with RPR or VDRL and used treponemal-specific tests as the gold standard. We excluded studies that reported only results for newer rapid tests and did not report results on RPR and VDRL, which are considered the standard of care in the United States. For evidence on allergic reactions to penicillin, we selected studies that included pregnant and nonpregnant adults. We excluded studies in high-risk or special populations and studies in populations not generalizable to the United States. We determined generalizability of study sample to the United States by consensus of 2 reviewers after discussions with the USPSTF on similarities between the health care system in the study country and that of the United States. Considerations about whether a population would be comparable to a U.S. population include the general health status of the population, the availability of prenatal care, and the availability of trained delivery attendants. We specifically excluded studies in populations with high HIV rates, because these studies are thought not to be generalizable to the United States.
To determine whether prenatal screening reduces the prevalence of congenital syphilis in neonates, we included randomized, controlled trials; meta-analyses; and systematic reviews. In addition, we included large ecologic studies and cohort studies that reported the effect of the implementation of widespread screening programs. We included these types of studies because the original evidence on the effectiveness of syphilis screening in pregnancy was from ecologic studies that showed that rates of congenital syphilis were reduced after widespread screening and treatment. To determine the harms of syphilis screening and penicillin treatment, we included randomized, controlled trials; metaanalyses; systematic reviews; cohort studies; case-control studies; and large case series. We excluded editorials, narrative reviews, case studies, and guideline reports.
At the abstract and full article review stage, 2 reviewers independently evaluated all articles according to predetermined exclusion criteria. Any article selected by at least 1 reviewer at the abstract stage was advanced to the full article stage of the review. We resolved differences of opinion at the full article stage by consensus and involved a third reviewer if necessary.
Data Extraction
We extracted information from each included study on its design, selection criteria, demographic characteristics, and clinical outcomes.
Quality Appraisal
We provided narrative descriptions of key methodological deficiencies of included studies that constrain the quality and generalizability of the evidence.
Data Synthesis
We synthesized the evidence from included studies in a narrative format.
Role of the Funding Source
The work conducted by the USPSTF is supported by the Agency for Healthcare Research and Quality. This review did not receive separate funding.
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RESULTS
We identified 141 potentially relevant studies. We most commonly excluded studies because they were not on syphilis screening or treatment, were not an appropriate study type, or had no information on relevant health outcomes. After we excluded studies on the basis of predetermined criteria ( Figure) , 5 studies remained (Table) -1 study of the benefits of screening and 4 studies of the harms of screening and treatment.
Key Question 1
Does screening for syphilis in pregnancy reduce the incidence of congenital syphilis in neonates?
We found 1 study in a non-U.S. population (9) that provided information on the benefits of screening for syphilis in pregnancy and met our inclusion criteria; we did not find any new studies in U.S. populations. The 1 study we found evaluated the effect of implementing a free, routine syphilis screening program for pregnant women in a region of China. A total of 418 871 pregnant women who were treated at 61 hospitals in the Shenzhen region of China from 2003 to 2005 were offered free syphilis screening. Ninety-four percent of eligible women were screened. Syphilis was diagnosed in 2019 women over the 3 years of the study, of whom 92% received timely treatment, 3% received delayed treatment, 3% declined treatment, and 2% were lost to follow-up. Of the 1402 women who had syphilis and chose to continue their pregnancy, 86 (6%) had pregnancies that ended in fetal demise or stillbirth. Ninety-two live-born infants with congenital syphilis were reported in the 3 years of the study. Most (83%) of these cases were in babies born to women who received no prenatal care. Eight percent occurred in babies born to women who received late prenatal care, and 5% occurred in babies born to women who declined treatment. The incidence of congenital syphilis decreased after the implementation of this screening program: At the beginning of the study, the incidence rate was 54 cases per 100 000 pregnant women; the rate decreased to 22 cases per 100 000 pregnant women after initiation of the program. The study investigators report that loss to follow-up was an important limitation because many migratory women changed contact information frequently. In addition, many pregnant women returned to their hometown to deliver their babies.
Key Question 2
Are there harms of screening for syphilis or harms of treatment with penicillin in pregnancy to women or neonates?
Harms of Screening
Potential harms of screening may include opportunity costs to the clinician and patient, including time and resources, and false-positive results, which may lead to stress, labeling, and further work-up. We found limited evidence on these potential harms of screening; the previous review for the USPSTF found no studies that addressed these potential harms. We did not find any studies on the downstream harms of screening. We did find 2 studies on the harms of screening that evaluated the accuracy of the RPR and VDRL syphilis screening tests. Although we did not review the evidence on the accuracy of screening, we include these studies as evidence on the harms of screening because they report information on false-positive and falsenegative results. The first study (10) is a retrospective study that used data from a large database of sera results from more than 300 000 patients who were routinely tested for syphilis while hospitalized in Vienna hospitals from 1988 through 1999. The investigators report frequencies of biological false-positive results, defined as the number of patients who have a positive VDRL result and a negative T. pallidum hemagglutination result divided by the total years. This study has limited applicability to our review because of the lack of separately reported data on pregnant women. Another limitation is that these patients were all hospitalized and may differ from women who present for routine outpatient prenatal care. The second study that provided information on the harm of false-positive results (11) 
Rapid plasma reagin screening results were compared with the T. pallidum particle agglutination assay (the gold standard). Seventy-eight false-positive RPR results were reported, for a rate of 0.91% (78 [the number of falsepositive results] divided by 8550 [the number of patients with negative T. pallidum particle agglutination assay results]); 83 women with a negative RPR had a positive T. pallidum hemagglutination result, which indicates likely previous infection. Three hundred forty-two women had positive T. pallidum particle agglutination assay results.
Harms of Treatment With Penicillin
In addition to the harms of screening, potential harms may also result from treatment in response to positive screening results. We searched for evidence on harms to the woman and fetus of treatment with penicillin, the accepted treatment for syphilis in pregnancy. We found 1 study (12) that provided information on serious allergic reactions to penicillin. Investigators used a large U.S. insurance claims database of approximately 10 million patients to calculate the frequency of serious allergic reactions within 14 days of receiving penicillin (12) . They defined a serious allergic reaction as a claim for services at a hospital or emergency department for an International Classification of Diseases, Ninth Revision, code; Current Procedural Terminology code; or procedural code for anaphylactic shock, unspecified adverse effect of drug, unspecified allergy, cardiopulmonary resuscitation, or adrenaline injection. The investigators reviewed medical records to confirm the diagnosis of anaphylaxis. Penicillin was administered 199 862 times during the course of the study; 53% of those were to women and 35% to adults 20 to 39 years of age. The incidence of anaphylaxis after penicillin was received was 0.1 per 10 000 dispensings; resuscitation, 0.2 per 10 000 dispensings; adverse effect of drug, 2.1 per 10 000 dispensings; allergy, 2.4 per 10 000 dispensings; and any allergic reaction, 4.7 per 10 000 dispensings. An important limitation of this study was the reliance on claims data, which may contain miscodings. The investigators reviewed medical records for 83% of patients with claims for anaphylaxis and resuscitation and confirmed the diagnosis of anaphylaxis in 3% of resuscitationcoded claims and 57% of anaphylaxis-coded claims. The lack of information on incidence in pregnant women further limits the applicability of this study to our review. In addition, this study reports the incidence of allergic reactions after oral penicillin; however, penicillin treatment for syphilis is given parenterally.
We found 1 study that provides information on the harms of penicillin to the fetus during pregnancy. Puhó and colleagues (13) used data from the 1980 to 1996 Hungarian Congenital Abnormality Registry that includes information from mandatory reports by physicians of any congenital abnormalities in Hungary. The investigators identified 1374 cases of isolated orofacial clefts and reviewed medical records and questionnaire results for medication use. The prevalence of isolated orofacial clefts in children born to women who received penamecillin was compared with a control population and a control group with noncleft malformations. Penamecillin is an oral form of penicillin not available in the United States. The investigators found no association between penamecillin and isolated orofacial clefts.
DISCUSSION
Congenital syphilis is a preventable disease that continues to be an important public health issue in the United States, despite strong evidence of effective treatment and widespread screening. In the United States, 90% of the states mandated prenatal syphilis testing in 2003 (14) . However, many cases in the United States are attributable to late or no prenatal care. In 2002, a total of 451 congenital syphilis cases were reported to the Centers for Disease Control and Prevention; of these, 73.8% occurred in mothers with inadequate treatment of syphilis before or during pregnancy, including 22.6% who did not have an adequate serologic response to therapy (15). Moreover, 29% of mothers of infants with congenital syphilis did not receive prenatal care, and only 36% of mothers for whom we have information about the timing of their prenatal care began to receive care during their first trimester of pregnancy. Provider nonadherence with guidelines also plays a role in preventable cases of congenital syphilis. A national survey from 1999 to 2000 (15) indicated that 14% of obstetricians/gynecologists did not routinely screen pregnant women for syphilis, and that many did so only once for women at high risk. Further research should focus on ways to increase the receipt of early prenatal care in women at high risk and increase appropriate adherence to treatment and follow-up.
We found evidence primarily with respect to 1 particular harm of screening, false-positive results. Relationship disruptions resulting from syphilis screening have also been reported. We did not find studies on this but did not search specifically for it. We did find evidence on serious Critical period is 7 to 9 weeks for CL/P and 10 to 14 weeks for PCP. OFC prevalence, 1 case per 750 births. Prenatal care is mandatory in Hungary (nearly 100%), with an average of 7 prenatal visits. Potential confounders identified separately for 5 medication groups.
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This study suggests that drugs-including penicillin-have a limited role in causing both CL/P and PCP, confirms the teratogenic effect of certain anticonvulsants, and suggests a possible association between OFC and either the penicillin-derivative amoxicillin or oxprenolol.
5320 TPHA-positive (1.77%), of which 3257 were VDRL-negative (61.2%). Biological false-positive reaction detected in 736 (0.26% of all sera). Frequency was higher in women than men, except for men age 31-40 y (because of higher rate of HIV-infected men).
VDRL results at dilution 1:4 were not reported for TPHA-negative sera, thus 1451 of 2799 sera could not be directly compared with regard to true or biological false-positive VDRL results.
Agreement with previous studies regarding syphilis prevalence in Austria and more frequent biological false-positive results in women (possibly due to autoimmune comorbid conditions), HIV-positive patients (who have a 10-fold higher rate of biological false-positive results), and people older than 60 y.
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Screening for Syphilis Infection in Pregnant Women reactions to penicillin; however, these types of reactions seem to be infrequent. In summary, we found new evidence that supports previous evidence of the effectiveness of screening for syphilis in pregnancy to prevent congenital syphilis. The effectiveness of screening depends on early receipt of prenatal care and appropriate treatment and follow-up of positive test results. We found new evidence of a slight risk for harm from false-positive test results and a rare risk for serious allergic reactions to penicillin.
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